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It is generally recognized that pigment spread
is one of the most provocative and potentially
important phenomena in the field of mammalian
skin pigmentation. This phenomenon may be ob-
served in a variety of mammalian species (I)
including guinea pigs, cattle, sheep, pigs, mice,
Dalmatian dogs and rarely in cases of recessive
spotting in man. It consists essentially of a slow,
progressive encroachment of superficial epider-
mal pigmentation from pigmented skin into
adjacent white skin regions, and even from eu-
melanie into pheomelanic skin regions when the
two are contiguous. In the latter situation the
rate of encroachment is much slower than when
white skin is involved. This color transformation
is entirely restricted to the superficial epidermis,
so that hair color always remains unaffected.
At birth, in spotted or multicolored guinea
pigs, areas of black skin bearing hairs of corre-
sponding color, may be sharply delineated from
white skin with its white hairs, or from red skin
with its red hairs. However, as a consequence of
pigment spread, "transitional zones" gradually
appear in which hairs of one color appear to have
been overrun by a very slowly advancing tide of
pigmentation of an alien color. Undoubtedly the
normal intussuseeptive growth of the integument
that occurs as the animal grows up (2), makes
some contribution to the width of the prominent
transition zones displayed in adult life. These
may be up to a centimeter in width in guinea pigs
and even more in cattle and pigs.
Apart from its natural occurrence, pigment
spread can also be initiated at will, artificially,
simply by grafting black skin into white or red
skin areas, or vice versa (see Fig. 1). Under these
conditions the rate of encroachment is enhanced.
Indeed, it was through observations on skin
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grafts in guinea pigs that the phenomenon was
first recognized.
THEORIEs OF PIGMENT SPREAD
In spite of the attention devoted to pigment
spread in guinea pig's skin since the phenomenon
was first described in 1896 (3, 4), no completely
satisfactory or generally acceptable explanation
of the underlying principle has been forthcoming.
Once it had been soundly established that: a)
melanogenesis in the epidermis is the exclusive
prerogative of the dendritie, or branched cells
known as melanoeytes, which hand on their
product, melanin, to cells of the Malpighian sys-
tem by "cytocrine" activity (5); b) these cells are
not functional variants of Malpighian cells but a
race of cells sui yeneris whose progenitors origi-
nated in the neural crest in embryonic develop-
ment (6, 7); and c) branched cells closely re-
sembling melanoeytes are apparently constant
ingredients of the mammalian epidermis (8), atten-
tion was focused principally upon two alternative
theories of pigment spread.
According to the first theory—to be referred to
as the "migration" theory—pigment spread is
simply the outcome of a differential migration of
melanocytes, or melanoblasts, from pigmented
into non-pigmented, or into red-pigmented skin.
There is little direct evidence in support of this
hypothesis, apart from the fact that melanoblasts
do migrate from their presumptive position in the
neural crest to their definitive position in the epi-
dermis during embryonic development (6, 7).
The second theorz—designated as the "infec-
tion" theory—is more sophisticated. It maintains
that pigment spread is the expression of a trans-
formation of amelanotie melanocytes into cells
capable of synthesizing eumelanin (black or brown
pigment) or pheomelanin (red or yellow pigment),
or of red melanocytes into black melanocytes, by
a postulated serially transmissible "infective"
agent originating from pigmented melanocytes.
This hypothesis is sustained by a considerable
body of experimental evidence (9), all of a cir-
cumstantial nature. The prima facie case for it
rests upon the following considerations: 1) the
demonstration that branched melanocytes or
melanocyte-like cells, and what are recognized by
some as their effete end-products [see (1)1, form
a retieular system—sometimes referred to as the
epidermal glial system—of approximately uni-
form density throughout the superficial epidermis
of the trunk, irrespective of its color; and 2) the
fact that melanocytes apparently secrete their
products directly into the cells of the Malpighian
system, across terminal dilatations of their
branches (5), hinting that they might also be able
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FIG. 1. Black (lower) and dark red (upper) ear skin autografts 232 days after transplantation to white
chest skin of a guinea pig. Pigment spread has been more rapid from the former.
to "infect" neighboring melanocytes in an essen-
tially similar manner. The most important single
piece of experimental evidence in favor of this
hypothesis is that in the epidermis of secondarily
blackened red skin only black melanocytes are
demonstrable [see however (10)], having a density
of distribution closely similar to that of the origi-
nal population of red melanocytes (9).
The infection hypothesis is, of course, especially
intriguing because of its general biological
implications. Not only does it imply that differ-
ences between the various tinetorial types of
melanocyte in a single guinea pig stem from cyto-
plasmic, rather than from nuclear differences but,
if it is correct, then pigment spread is the first
example of an autonomous cytoplasmic component
giving cytoplasmic inheritance in a mammal at
the somatic cell level.
The work to be described was specifically de-
signed to differentiate between the above hypothe-
ses, so far as pigment spread from black skin into
white is concerned. It represents an attempt by
two investigators holding diametrically opposed
views to resolve their differences on the basis of a
collaborative effort.
PRINCIPLE OF THE METHOD AND FINnINGS
According to the "migration" theory of pig-
ment spread the melanocytes present in the
annulus of secondarily blackened skin ultimately
surrounding a black-in-white skin graft on a
guinea pig must necessarily be of graft origin.
However, according to the "infection" hypothe-
sis these melanocytes are either the original
postulated native amelanotic melanocytes, or
their descendants, which have undergone some
form of transformation that endowed them with
the faculty of melanogenesis. Our basic problem,
then, was to try and find some way of studying
pigment spread with "marked" melanocytes.
The genetically determined cellular isoantigens—
usually referred to as transplantation antigens—
that differentiate unrelated individuals of the
same species, or individuals of two different
inbred or isogenic strains, and which are respon-
sible for the destruction of tissue or cellular
homografts, seemed to be the only candidates
available for this "marker" role. The manner in
which these antigens were employed to identify
melanocytes is best understood from the follow-
ing description of the experimental design.
Members of two different inbred strains of
guinea pig, #2 and #13, and their F1 hybrid
offspring were employed. It was particularly for-
tunate, in view of the fact that these are the only
isogenic strains of this species available, that
both are of the eess genotype—i.e., the animals
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are tn-colored black-red-white, so that each can
provide and receive black grafts to initiate
spread in previously amelanotic areas.
According to the so-called "laws" of trans-
plantation (11), orthotopically grafted skin,
sheets of pure epidermis, or dissociated epidermal
cells (and, of course, other types of grafts, too)
will only form permanent grafts on transplanta-
tion from one animal to another if the host has
all the genetically determined transplantation
antigens present in the grafted tissue or cells.
Cells that confront their hosts with alien trans-
plantation antigens only enjoy a transient period
of well-being, the duration of which is dependent
upon the potency of the cellular isoantigenie
differences involved and to a lesser extent upon
the dosage of foreign cells grafted. Foreign tissues
and cells sensitize the host and are destroyed as
a consequence of the familiar "homograft reac-
tion". Homologous tissue or cellular grafts trans-
planted to specifically pre-sensitized hosts (e.g.,
animals which have previously received and re-
jected homografts of skin from the same donor
strain) are destroyed exceedingly rapidly, rarely
surviving for more than a week.
As anticipated, we found that both our strains
#2 and #13 guinea pigs consistently and per-
manently accepted grafts from donors of their
own strain, and just as consistently rejected inter-
strain skin grafts (i.e., homografts). Rejection of
such grafts was invariably complete within 12
days. F, hybrid animals accepted grafts from
either parental strain as expected, since they
inherit a complete set of chromosomes from each
parent, including, of course, the genetic deter-
minants of the transplantation antigens char-
acterizing these parental strains. However, grafts
transplanted from these hybrids to hosts of either
parental strain were destroyed as rapidly as inter-
strain homografts.
Taking cognizance of these fundamentals of
transplantation immunogenetics, we can return
to our experimental design (see Fig. 2).
Black skin grafts were removed from a strain
#2 donor and transplanted into a white skin
area on an F, hybrid host. Within about 150 days
each graft was surrounded by an annulus of
secondarily blackened skin several millimeters in
width and bearing white hairs, as a consequence
of the apparent centrifugal spread of pigment
from its margins. If the melanocytes in these
annuli are of migratory origin then they must
have the same genetic and isoantigenic constitu-
tion as those in the strain #2 grafts responsible
for the pigment spread. On the other hand, if
they are native amelanotie melanoeytes that have
been secondarily endowed with melanogenic
activity as a consequence of some kind of infective
traasformation, they must be of host, i.e., of F1
immunogenetic constitution, possessing all the
transplantation antigens of both strain #2
and #13.
To establish the genotype of these cells, by
making use of their isoantigenie "markers",
small thin shavings of skin, about 2 mm x 3 mm,
were cut from these annuli of spread and, by
tryptic digestion (12), the entire superficial epi-
dermis, including the melanocytes whose identity
was in question, was isolated from the dermal
component of each shaving. Some of these "pure"
epidermal grafts were transplanted to extensive
but very shallow recipient areas prepared in a
white region of a normal strain #2 host, and
others were transplanted in a similar manner to a
white skin area on the F1 animal as a control for
the viability of the melanoeytes present. When
there is no histoincompatibility it is known that
the pure epidermal grafts become united very
rapidly, wound eontraeture does not occur, and
the grafted melanoeytes, which are intimately
juxtaposed to host tissue soon begin to secrete
pigment and apparently increase in number, as
evidenced by the appearance of numerous discrete
foci of pigment spread within 3—4 weeks. These
foci eventually coalesce. For this reason, it
seemed reasonable to anticipate that if only the
grafted melanocytes were antigenically compati-
ble with their hosts and their relatively more
abundant Malpighian cell neighbors were not,
immunological destruction of the latter would not
involve the former, which would simply become
incorporated among Malpighian cells of the host.
The results of this test, which was repeated
several times using different groups of animals,
were consistent and clear-cut. On the sites of the
pure epidermal grafts transplanted both to the
normal strain #2 and to the F1 animal small foci
of pigmentation appeared within 3—4 weeks, pro-
gressively expanding in extent. This strongly
suggested that the melanocytes from the annuli
of spread on the F1 primary host must have been
of strain #2 genotype. If they were of F, geno-
type they would almost certainly have under-
gone immunological destruction.
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FIG. 2. Illustrating the design of some of the experiments employed to discriminate between the
"infection" and "migration" theories of pigment spread. (1) Black skin grafts are transplanted from a
strain #2 donor to white areas on an F1 hybrid guinea pig. (2) After the elapse of 100—200 days, when the
grafts are surrounded by annuli of spread, small shavings from the secondary blackened skin are re-
moved and pure epidermal grafts prepared therefrom. These grafts are transplanted to another white
skin area on the F1 hybrid (viability control) and to a normal strain *'2 recipient, subsequently sensi-
tized with F1 or strain #13 skin homografts. Finally (3) pure epidermal grafts, prepared from the first
passage site on the F1 host, are transplanted again as autografts (viability control) and also to a pre-
sensitized strain #2 animal. The principle of these experiments is described in full in the text.
However, despite the encouraging nature of
these results they could not be considered
decisive. The possibility remained that the very
small "dosage" of these grafts was insufficient to
elicit a strong enough sensitivity to destroy the
transferred cells even if they were antigenically
foreign. Indeed, it has been shown that very
small quantities of dissociated cells prepared from
pigmented epidermis can sometimes initiate pig-
ment spread in genetically incompatible hosts
(9). Nevertheless, the pigmentation produced in
this manner is always susceptible to a state of
sensitivity elicited by proxy—e.g., by grafting
the host with skin from the donor of the minute
dosage cellular homograft (9). Accordingly, ex-
periments were conducted to rule out this
possibility.
Pure cpidermal grafts, comparable in size to
those obtained from the annuli of spread around
strain #2 grafts on the F1 hybrids, were prepared
from normal black skin of F1 hybrids. Some of
these grafts were transplanted to white skin
regions on the same donor hybrids as controls
and others were transplanted to non-pigmented
areas on strain #2 hosts. In every case the auto-
grafts invariably became foci of pigment spread,
whereas no pigment appeared on the homograf ted
sites. Evidently misgivings about the adequacy
of the dosage of foreign cells present in these grafts
to elicit an effective level of sensitivity in the
strain #2 hosts were unfounded. The foreign
mclanocytes were apparently destroyed long
before they had an opportunity to synthesize
perceptible amounts of melanin.
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More decisive evidence that the melanocytes in
the annuli of spread surrounding strain 2
grafts on F, hosts were not of F, genetic constitu-
tion was forthcoming when it was found out that
the areas of pigmentation produced by transplant-
ing spread epidermis to strain 2 hosts were
completely refractory to all attempts to "bleach"
them out immunologically (9), by grafting their
hosts with strain 13 or F, skin homografts in
relatively high dosage.
The final and most exacting test of the migra-
tion hypothesis was conducted as follows (see
Fig. 2). Pure epidermal grafts were prepared
from the extensive and deeply pigmented control
sites on the F, hosts (these sites had received
epidermal grafts prepared from the annuli of
spread ringing the strain 2 grafts on these ani-
mals) and transplanted to (1) another white skin
recipient area on the same F, animal, as an addi-
tional viability control and (2) to a strain 2
host pre-sensitized through exposure to F, skin
homografts. In every case all the grafts produced
foci of pigment spread after similar latent inter-
vals, providing unequivocal proof that the mela-
noeytes in the original annuli of spread must
have been of strain 2 immunogenetie constitu-
tion, and could not possibly have been infectively
transformed native F, cells.
CONCLUSIONS
The findings summarized above show unequiv-
ocally that pigment spread from black into
white skin areas of guinea pigs' skin is the conse-
quence of the migratory activity of pigment cells.
It remains to be determined whether the migrant
cells are melanocytes or melanoblasts, though
the latter seem to be the more likely candidates
since all available evidence is consistent with the
view that melanoeytes are stationary cells. The
even and more or less normal density of the pig-
mentation in secondarily blackened white skin,
and the normal density of distribution of its
melanoeytes indicates that pigment spread must
entail an abnormal rate of proliferation of pig-
ment cells at some stage after migration.
Before the final chapter of the "pigment spread
story" can be written it remains to be established
whether the migration hypothesis also applies
where black pigmentation encroaches upon areas
of red or pale yellow skin. The experimental
design employed in the present study should
suffice to resolve this problem.
Apart from shedding light on the biology of
the melanoeyte, this investigation focuses atten-
tion on the potential importance of transplanta-
tion teehnies in investigative dermatology and
upon the inadequacy of the purely histological
approach. Admittedly, in man, the homograft
problem imposes severe restrictions but, as
llaxthausen has clearly shown, important infor-
mation concerning the pathogenesis of several
cutaneous conditions such as vitiligo (13), allergic
contact dermatitis (14, 15) and psoriasis (16)
can be obtained by judicious use of autografts
and of identical twins when they are available.
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